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1. XRD patterns in the as-deposited and dehydrogenated
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Fig. S1 (a), (b) XRD patterns of the Pd/GdH; films with the ad-Gd and ad-GdH> (Hz: 5 %, 20 %, and
30 %) samples for the as-deposited and dehydrogenated states: (a) as-deposited state, (b)

dehydrogenated state.

2. XAFS spectra changes upon hydro-/dehydrogenation
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Fig. S2 Fourier transform of the XAFS spectra for the ad-Gd sample in the as-deposited, hydrogenated,

and dehydrogenated states.



3. Changes in optical transmittance upon hydro-/dehydrogenation

(a) ad-GdH, (H,: 5 %) sample

(b) ad-GdH, (H,: 20 %) sample

(¢) ad-GdH, (H,: 30 %) sample
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Fig. S3 (a)—(c) Optical transmittance spectra of the Pd/GdH: films with the ad-GdH> (Hz: 5 %, 20 %,

and 30 %) samples, respectively, in the as-deposited, hydrogenated, and dehydrogenated states. In the

graphs of (a) and (c), optical transmittance spectra of the as-deposited and dehydrogenated states

overlap.



4. In situ time-domain thermoreflectance measurement signal changes upon hydro-

/dehydrogenation
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Fig. S4 (a)—(d) Thermoreflectance signals (phase) of Pd/GdH2/Mo film with the ad-GdH> (Hz: 5 %,

20 %, 30 %, and 50 %) sample, respectively, in the as-deposited, hydrogenated (1*' and 2"%), and

dehydrogenated (1 and 2"Y) states. The thermoreflectance signals of as-deposited and dehydrogenated

15t and 2") states in each graph overlap.
grap p



(a) ad-GdH, (Hy: 5 %)
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Fig. S5 (a)—(c) Thermoreflectance signals (phase) of Pd/GdH2/Mo films with the ad-GdH> (Hz: 5 %,

20 %, and 30 %) samples, respectively, in the as-deposited, hydrogenated, and dehydrogenated states.

5. Uncertainties of the thermal diffusivity and volumetric heat capacity for Gd and Gd hydrides
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Fig. S6 (a)—(c) Measurement thermoreflectance signals, simulation curves using reported thermal

conductivities, and those using thermal diffusivities (TD) with =15 % uncertainties of Pd/Gd/Mo

film with the ad-Gd sample: (a) as-deposited state, (b) hydrogenated state, (c) dehydrogenated state.
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Fig. S7 (a)—(c) Measurement thermoreflectance signals, simulation curves using reported thermal

conductivities, and those using volumetric heat capacity (C) with =10 % uncertainties of Pd/Gd/Mo



film with the ad-Gd sample: (a) as-deposited state, (b) hydrogenated state, (c) dehydrogenated state.
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Fig. S8 (a)—(e) Measurement thermoreflectance signals, simulation curves using reported thermal

conductivities, and those using thermal diffusivities (TD) with £ 15 % uncertainties of Pd/GdH>/Mo

film with the ad-GdH» (H2: 5 %) sample: (a) as-deposited state, (b) 1% hydrogenated state, (¢) 1%

dehydrogenated state, (d) 2" hydrogenated state, (e) 2"¢ dehydrogenated state.
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Fig. S9 (a)—(e) Measurement thermoreflectance signals, simulation curves using reported thermal
conductivities, and those using volumetric heat capacity (C) with =5 % uncertainties of Pd/GdH»/Mo
film with the ad-GdH» (H2: 5 %) sample: (a) as-deposited state, (b) 1% hydrogenated state, (¢) 1%

dehydrogenated state, (d) 2" hydrogenated state, (e) 2"¢ dehydrogenated state.
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Fig. S10 (a)—(e) Measurement thermoreflectance signals, simulation curves using reported thermal
conductivities, and those using thermal diffusivities (TD) with 215 % uncertainties of Pd/GdH»/Mo
film with the ad-GdH, (Hz: 20 %) sample: (a) as-deposited state, (b) 1% hydrogenated state, (c) 1

dehydrogenated state, (d) 2" hydrogenated state, (e) 2"¢ dehydrogenated state.
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Fig. S11 (a)—(e) Measurement thermoreflectance signals, simulation curves using reported thermal

conductivities, and those using volumetric heat capacity (C) with =5 % uncertainties of Pd/GdH2/Mo

film with the ad-GdH> (Hz: 20 %) sample: (a) as-deposited state, (b) 1% hydrogenated state, (c) 1%

dehydrogenated state, (d) 2" hydrogenated state, (¢) 2"! dehydrogenated state.
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Fig. S12 (a)—(e) Measurement thermoreflectance signals, simulation curves using reported thermal



conductivities, and those using thermal diffusivities (TD) with =15 % uncertainties of Pd/GdH>/Mo
film with the ad-GdH> (Hz: 30 %) sample: (a) as-deposited state, (b) 1% hydrogenated state, (c) 1
dehydrogenated state, (d) 2" hydrogenated state, (e) 2"¢ dehydrogenated state.
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Fig. S13 (a)—(e) Measurement thermoreflectance signals, simulation curves using reported thermal
conductivities, and those using volumetric heat capacity (C) with 5 % uncertainties of Pd/GdH2/Mo
film with the ad-GdH» (Hz: 30 %) sample: (a) as-deposited state, (b) 1% hydrogenated state, (c) 1

dehydrogenated state, (d) 2" hydrogenated state, (e) 2"¢ dehydrogenated state.
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Fig. S14 (a)—(e) Measurement thermoreflectance signals, simulation curves using reported thermal

conductivities, and those using thermal diffusivities (TD) with 215 % uncertainties of Pd/GdH»/Mo

film with the ad-GdH: (Hz: 50 %) sample: (a) as-deposited state, (b) 1% hydrogenated state, (c) 1

dehydrogenated state, (d) 2" hydrogenated state, (¢) 2"! dehydrogenated state.
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Fig. S15 (a)—(e) Measurement thermoreflectance signals, simulation curves using reported thermal
conductivities, and those using volumetric heat capacity (C) with =5 % uncertainties of Pd/GdH»/Mo
film with the ad-GdH» (Hz2: 50 %) sample: (a) as-deposited state, (b) 1¥' hydrogenated state, (c) 1%

dehydrogenated state, (d) 2" hydrogenated state, (e) 2"¢ dehydrogenated state.

6. Thermal and electrical conductivities upon hydro-/dehydrogenation
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Fig. S16 (a) Thermal conductivities of the ad-GdH> (H2: 5 %, 20 %, 30 %, and 50 %) samples in the
as-deposited, hydrogenated, and dehydrogenated states. (b) Electrical conductivities with the ad-GdH»
(H2: 5 %, 20 %, 30 %, and 50 %) samples in the as-deposited, hydrogenated, and dehydrogenated

states.



7. Comparison of the thermal switching ratio near room temperature for our samples to that of

other thermal switching materials
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Fig. 17 Summary of the thermal switching ratio near room temperature for various thermal switching

materials using the dry process (The labels above each bar denote the thermal switching ratio).



8. Parameters used for fitting to calculate thermal conductivity

Table S1 Common fixed parameters for as-depo., hydro., and dehydro. states

Parameters Values
Mo/substrate: boundary thermal resistance, m> K W! |29 x107°
Mo: volumetric heat capacity, J m > K! 2.6 x 10°
Mo: thermal diffusivity, m? s~ 2.1 x107°
Mo: optical absorption coefficient, m ™! 4.6 x 10’
Pd/Gd: boundary thermal resistance, m> K W' 0
Pd: volumetric heat capacity, ] m > K'! 2.9 x 10°
Pd: thermal diffusivity, m* s! 2.5x107
Pd: thickness, m 5%x107°
Table S2 Common fixed parameters (each sample)
ad-Gd ad-GdH; ad-GdH; ad-GdH; ad-GdH:
(H2: 5 %) (H2: 20 %) (H2: 30 %) (H2: 50 %)
Substrate: thermal 1487 1488 1487 1487 1488
effusivity, Im 2 s > K'!
Mo: thickness, m 1.02x 107 19.40x10® |9.70x10® [9.70x10® [9.40x10°®
Table S3 (a)—(e) Fitting parameters and determined properties for each sample
(a) ad-Gd sample
as-depo. hydro. dehydro.
Fixed parameter
Gd or Gd hydrides: thickness, m 3.00 x 1077 3.22x107  [3.13x1077
Determined properties
Gd/Mo: boundary thermal resistance, m> K W' | 1.5 x 107 5.5x107° 3.8x107°
Gd or Gd hydrides: volumetric heat capacity, ] | 2.7 x 10° 3.7 x10° 3.0 x 10°
m > K!
Gd or Gd hydrides: thermal diffusivity, m* s 2.7x10°° 3.6 x1077 2.8x10°
(b) ad-GdH> (Hz: 5 %) sample
as-depo. 1t hydro. | 1*'dehydro. | 2" hydro. | 2" dehydro.
Fixed parameter
Gd hydrides: thickness, m 3.07x107 | 3.17x1077 | 3.07 x 1077 [3.17x1077|3.07 x 10’
Determined properties
Gd hydrides/Mo: boundary | 1.6 x 107 | 4.2x 10710 | 2.1 x 107 54x1071 | 1.7x107°
thermal resistance, m> K W™!
Gd hydrides: volumetric heat | 2.8 x 10® | 3.3 x10% |[2.8 x 10° 3.3x10% |2.8x10°
capacity, ] m > K
Gd hydrides: thermal | 3.2x10° [4.8x107 |[32x10°¢ 50x107 |3.1x10°
diffusivity, m* s”!




(c) ad-GdH> (Hz2: 20 %) sample

as-depo. 1t hydro. | 1*tdehydro. | 2" hydro. | 2™ dehydro.
Fixed parameter
Gd hydrides: thickness, m 247x10712.55x107 [ 247 x107 |2.55x107 |2.47 x 107’
Determined properties
Gd hydrides/Mo: boundary | 54 %107 |3.0x107° |5.5x10"° 20x107° |4.6x107°
thermal resistance, m> K W™
Gd hydrides: volumetric heat | 3.1 x 10° | 3.5 x 10° 3.2 x10° 3.6 x 10° 3.2 x10°
capacity, J m > K™
Gd hydrides: thermal [ 2.0 x 108 | 58x 107 |1.5x10° 51x107 |1.9x10°
diffusivity, m? s

(d) ad-GdH> (Hz: 30 %) sample

as-depo. 1t hydro. | 1t dehydro. | 2" hydro. | 2™ dehydro.
Fixed parameter
Gd hydrides: thickness, m 2.62x1071270x107 [2.62x 107 |2.70x1077 |2.62 x 107’
Determined properties
Gd hydrides/Mo: boundary | 6.9 x 10 |1.9x107° |7.2x107° 24x107° |7.0x107°
thermal resistance, m*> K W™!
Gd hydrides: volumetric heat | 3.0 x 105 | 3.6 x 10° | 3.1 x 10° 3.6 x10% |3.1x10°
capacity, I m > K'!
Gd hydrides: thermal | 2.0 x10® [3.7x 107 |1.8x10°° 40x107 | 1.7x10°¢
diffusivity, m* s

(e) ad-GdH> (Hz: 50 %) sample

as-depo. 1% hydro. | 1**dehydro. | 2" hydro. | 2" dehydro.
Fixed parameter
Gd hydrides: thickness, m 3.01 x107 | 3.11x1077 [ 3.01 x1077 |3.11x1077 | 3.01 x 10’
Determined properties
Gd hydrides/Mo: boundary | 8.0 x 107 |[2.6x107° |73x10° [23x10° |72x107°
thermal resistance, m> K W™
Gd hydrides: volumetric heat | 2.9 x 10® | 3.3 x 10° 2.8 x 108 3.3 x10° 2.8 x10°
capacity, ] m > K™
Gd hydrides: thermal [ 2.5x107% |53 %107 |24x107° 52x107 |24x10°

1

diffusivity, m* s~
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